


3GPP TSG-RAN WG1 #90	R1-1714287
Prague, Czech Republic, 21st – 25th August 2017

Source:	Ericsson
Title:	On partial bands and CSI acquisition
Agenda Item:	6.1.2.2.3
Document for:	Discussion and Decision
Introduction
In previous meetings, the following agreements related to partial bands for CSI acquisition (based on DL RSs) were made:
Agreement 1:
· Define “CSI reporting band” as a collection of (contiguous or non-contiguous) subbands pertinent to a CSI reporting setting
· FFS how the CSI reporting band is determined
· Three frequency granularities are supported:
· Wideband reporting
· Partial band reporting
· Subband reporting
Agreement 2:
· Support at least following configurations of NR CSI-RS
· UE-specific configuration to support
· Wideband CSI-RS, i.e. from UE perspective, the full bandwidth the UE is configured to operate with 
· Partial-band CSI-RS, i.e. from UE perspective, part of the bandwidth the UE is configured to operate with
· FFS: Different patterns may be used for wideband and subband CSI-RSs
Agreement 3:
· For partial-band CSI-RS, partial-band can be the same as bandwidth part
· FFS whether or not to have small values than the bandwidth of bandwidth part



In this contribution, we make proposals to further make progress on CSI reporting with wideband, partial and subband reporting. 
Discussion on CSI-RS resource configuration
[bookmark: _Toc485033065][bookmark: _Toc485033066]A UE can be configured with an active bandwidth part (BWP) that can be smaller than the full carrier bandwidth. The purpose for introducing the BWP is to allow for UEs to have a smaller BW capability than the full carrier bandwidth, as well as to allow for bandwidth adaptation e.g. to achieve power saving in idle mode, which is discussed further in [1]. The UE is not expected to receive anything outside of its active BWP, and thus, it does not make sense to transmit anything to the UE outside of the active BWP. 
The CSI-RS configurations are UE-specifically configured, and thus, for a given UE, does not need to contain information of what goes on outside of that UEs active BWP. That is, if a UE is configured with a wideband CSI-RS, it assumes that the CSI-RS is present in the entire active BWP. Depending on if the CSI-RS is shared with other UEs which have other BW capabilities, the transmitted CSI-RS could potentially span the entire carrier bandwidth, or if not, the gNB could only transmit the “wideband” CSI-RS in the UE active BWP. Thus, CSI-RS configurations relates to where the UE should assume CSI-RS is present, which may only be a subset of what is actually transmitted by the gNB. This is clearly conveyed in agreement 2, which in our interpretation states that “wideband” here corresponds to the BWP while “partial band” is smaller than the BWP. This is somewhat in conflict with agreement 3 that states that partial band can be the same as or smaller than the BWP. However, agreement 3 can be interpreted to mean that the partial band potentially could occupy the full BWP and thus be “wideband”, which resolves the conflict.
A UE configured with wideband CSI-RS shall assume that CSI-RS is present in the entire active bandwidth part. The transmitted CSI-RS may or may not span a larger bandwidth than the UEs active bandwidth part
Note that the situation is somewhat different with SRS, as this relates to what is actually being transmitted by the UE rather than what the UE shall expect to receive. Since inter-BWP SRS switching is possible, the “partial band” discussed for SRS could correspond to a BWP, but this should not be interpreted as the same “partial band” that is used for CSI-RS. We also note that the SRS bandwidth is configurable with a 4PRB granularity.
Some potential use cases and motivations for a partial band CSI-RS resource configuration are
· Future compatibility, i.e. to avoid that a CSI-RS must span the whole bandwidth as it must in LTE. New and unforeseen services, channels or reference signals which only occupy part of the bandwidth may be introduced in later releases and it is beneficial if that bandwidth region can be absent from CSI-RS
· LTE-NR coexistence, i.e. if LTE operates in a part of a wider bandwidth NR carrier, then it could be beneficial if at least the periodic CSI-RS resource can avoid the region used for LTE.
Since there are several use cases for partial band CSI-RS, including forward compatibility, the location and bandwidth of the resource should be flexible. Therefore, we propose
[bookmark: _Toc490149952][bookmark: _Toc490155536][bookmark: _Toc490220995][bookmark: _Toc490221077]A CSI-RS resource configuration indicates the bandwidth of the CSI-RS as either the full BWP or a subset of contiguous PRBs within the active BWP, where the subset can be defined with a granularity of X PRB. Value of X is FFS. To assure sufficient forward compatibility and allow for an arbitrary start position and bandwidth of the CSI-RS resource, X could be equal to one PRB. However, allowing for arbitrary CSI-RS band sizes could potentially complicate UE channel estimation implementation and it could therefore be studied if larger granularity, e.g. one subband, is required.
Discussion on CSI report setting configuration
For CSI reporting, the CSI report setting contains the options for wideband, partial band and subband reporting, respectively.  First of all, we discuss partial band CSI reporting. In our view, partial band CSI reporting and wideband CSI reporting is functionality-wise the same, the UE reports a single CSI. With single CSI, we mean e.g. one CQI per CW, one RI, one single (“wideband”) PMI etc. 
The difference between wideband and partial band is that in wideband CSI reporting, the CSI is computed for the full NZP CSI-RS configuration bandwidth and for partial band CSI reporting, the single CSI is computed for a partial bandwidth of the full NZP CSI-RS bandwidth. Hence, the UE is in this case configured with a NZP CSI-RS bandwidth that is wider than the partial band for which the UE measures CSI. 
One use case for such configuration is that the gNB may want to avoid some part of the band in CSI measurements since it may have excessive interference from another network or operator that may have a partial spectrum overlap with the used operator. 
Still there may be other UEs or other CSI report settings for the same UE that reports CSI for the full band and thus warrants a configuration of a CSI-RS resource that has a wider bandwidth (and is shared by multiple UEs) than the CSI report bandwidth. Alternatively, it could be beneficial to report a separate CQI for the partial band which has excessive interference, as the differential encoding of CQI between subband could be suboptimal of one part of the band has much lower SINR than the other parts of the band.
Thus, partial band CSI reporting can be seen as frequency-domain measurement restriction, instructing the UE to report CSI based on measurements on only a subset of the subbands. As has been agreed in NR, a CSI Report Setting can be linked with multiple Resource Settings. In a typical setup, the CSI Report Setting may contain one link to a Resource Setting for channel measurement and another link to another Resource Setting for interference measurement, but it may also contain links to several Resource Settings for channel and/or interference measurement if e.g. CoMP/MU-MIMO operation is assumed.  In order to determine CSI for a certain subband, the NZP/ZP CSI-RSs comprised in each linked Resource Setting must be present in that subband, otherwise it would be undefined how the CSI is to be calculated; it does not make sense to apply a different measurement BW for e.g. channel and interference. Thus, the CSI measurement bandwidth in a CSI Report Setting should apply to all linked Resource Settings.  
Hence, we make the following proposals:
[bookmark: _Toc485240502][bookmark: _Toc485240608][bookmark: _Toc485241716][bookmark: _Toc485330355][bookmark: _Toc485371403][bookmark: _Toc490149953][bookmark: _Toc490155537][bookmark: _Toc490220996][bookmark: _Toc490221078][bookmark: _Toc490248419]A CSI report setting configuration contains a CSI reporting band (e.g. the start subband and the number of adjacent subbands) that is smaller or equal to the associated CSI-RS resource bandwidth of all linked Resource Settings
Note, with this definition, there is no need to explicitly mention wideband and partial band CSI reporting configurations in specification, the band for which the CSI reporting is computed is flexibly given by the configuration as in Proposal 2.
Another use case for partial band CSI reporting could thus be to link together CSI-RS resource which occupy different bandwidths. For instance, a NZP CSI-RS for channel measurement could occupy the full BW while a ZP CSI-RS resource for interference measurement could occupy only a partial band.  The measurement BW defined in the CSI Report Setting could thus indicate CSI reporting on only the smaller BW where the different CSI-RS resources overlap.
For wideband or partial band CSI reporting, the following is configured:
[bookmark: _Toc485241717][bookmark: _Toc485330356][bookmark: _Toc485371404][bookmark: _Toc490149954][bookmark: _Toc490155538][bookmark: _Toc490220997][bookmark: _Toc490221079][bookmark: _Toc490248420]If the CSI report setting configuration indicates single CSI feedback reporting, then the UE should compute a single CSI based on the CSI-RS in the configured CSI measurement bandwidth. 
For subband CSI reporting, multiple CSIs are computed for the configured CSI reporting band, divided into subbands as in LTE. Also in this case, a CSI reporting band is configured:
[bookmark: _Toc485241718][bookmark: _Toc485330357][bookmark: _Toc485371405][bookmark: _Toc490149955][bookmark: _Toc490155539][bookmark: _Toc490220998][bookmark: _Toc490221080][bookmark: _Toc490248421]If the CSI report setting configuration indicates subband CSI feedback reporting, then the UE should compute a single CSI per subband within the configured CSI reporting band. Note that in this case, some CSI parameters (such as RI or CRI) may have the same value for all sub-bands (details of subband CSI reporting modes FFS).
An illustration of the different frequency-granularities is given in Figure 1.
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[bookmark: _Ref490150013]Figure 1: Example illustration of the different frequency granularities

Conclusions
Based on the discussion in this contribution we propose the following:
Proposal 1	A CSI report setting configuration contains a CSI reporting band (e.g. the start subband and the number of adjacent subbands) that is smaller or equal to the associated CSI-RS resource bandwidth of all linked Resource Settings
Proposal 2	If the CSI report setting configuration indicates single CSI feedback reporting, then the UE should compute a single CSI based on the CSI-RS in the configured CSI measurement bandwidth.
Proposal 3	If the CSI report setting configuration indicates subband CSI feedback reporting, then the UE should compute a single CSI per subband within the configured CSI reporting band. Note that in this case, some CSI parameters (such as RI or CRI) may have the same value for all sub-bands (details of subband CSI reporting modes FFS).
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